Amino acid-rich extracts derived from fish by-products were utilised to generate flavour 12 model systems with added glucose and/or fish oil. 13
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Introduction 35
Traditionally, waste from the fish industry such as small catch, flesh, viscera etc. are either 36 disposed of or utilised as fishmeal for animal feeding. Nevertheless, over the last few 37 decades, raised awareness on the environmental impact of products and processes has led to 38 retailers and consumers making concerted efforts to make the best use of all resources. 39
Nowadays, there is growing interest in using food wastes as sources of materials or 40 ingredients that are capable of providing added value to consumer products including uses in 41 foods. Some examples of this are the extraction and recovery of different compounds of 42 interest such as amino acids, peptides, collagen or omega fatty acids from fish wastes 43 (Guerard, Dufosse, Broise, & Binet, 2001 ). Development of novel means of processing is 44 required to convert the wastes and by-products into forms that are safe, marketable and 45 acceptable to the consumer. 46
Fish wastes have also been utilised for the production of fish powders or fish protein 47
hydrolysates, used as nitrogen source for microbial growth and enzyme production. Autolytic 48 process, which depends only on endogenous enzymes, is considered to be economically 49 advantageous; however, exogenous commercial enzymes are sometimes preferred since they 50 allow controlled hydrolysis, hence control over the properties of the resulting products. Many 51 enzymes have attracted interest for the hydrolysis of fish proteins (e.g., papain, alcalase, 52 neutrase, Flavourzyme ® , Protamex ® ). Characteristics of the final hydrolysate will depend on 53 the enzyme(s) added, but also on the substrate, which plays an important role in the 54 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT matrix composition was studied by spiking samples). Norvaline (100 µL (0.2 mmol/L)) was 157 used as the internal standard. 158
Volatiles analysis 159
GC/MS analyses were performed using an Agilent 7890A gas chromatograph equipped with 160 a DB-WAX capillary column (60m x 0.25mm i.d. x 0.25µm FT) and coupled to a BenchToF 161
Time of Flight Mass Spectrometer (Markes International Ltd, Llantrisant UK) and a CTC 162
CombiPal autosampler (CTC Analytics AG, Zwingen, Switzerland). HS-SPME was 163 performed on aqueous extracts (200 µL) in 2 mL of saturated NaCl solution. Samples were 164 incubated at 40ºC for 40 min followed by a 1 min extraction using a CAR/PDMS/DVB 165 SPME fibre (Supelco, Sigma-Aldrich Company Ltd, UK) and desorption at 260ºC for 5 min. 166
The oven temperature was 40ºC (held for 5min), 40-200ºC at 4ºC/min, then to 250ºC at 167 8ºC/min, held for 5 min. Helium was used as the carrier gas at a flow rate of 1 mL/min. 168
The volatile compounds were identified by comparing their mass spectra with spectral data 169 from the National Institute of Standards and Technology 2008 library as well as retention 170 indices published in the literature (Ganeko et al., 2008; Giri et al., 2010; pherobase. org) . 171
Relative retention indices were determined by injection into the column of a solution 172 containing a series of n-alkanes (C7-C30, saturated alkanes (1,000 µg/mL in hexane) Aldrich Company Ltd, UK) in the same temperature programmed run as described above. 174
Quantification of selected compounds was carried out using external calibration curves. 175
Sensory Evaluation 176
Consumers' preferences were assessed by the Friedman Pairwise ranking analysis (Escriche, 177 Fernández-Segovia, Serra, Andrés, & Barat, 2001; González-Tomás, Carbonell, & Costell, 178 2004; Peinado, Rosa, Heredia, Escriche, & Andrés, 2012) . This test is used with a non-trained 179 panel, to evaluate sets of three to six samples, considering a single attribute each time. 180
Twenty-seven subjects constituted the panel. The samples selected were presented to each ofM A N U S C R I P T
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the subjects in all possible paired combinations. The selection of the sensory attributes was 182 based on the characteristic criteria of the samples as well as some previous experiments on 183 similar products (Ganeko et al., 2008; Giri et al., 2010) . Panellists were asked which of the 184 two samples presented they would assess as: "stale" (smell of fish cooked for too long), 185
"fried" (smell of fish cooked in fat or oil, usually over direct heat), "grilled" (typical fish 186 cooked in a grill), and their overall preference. 187
Significant differences between the samples were established by the statistical function T-188
Friedman and compared with the tabulated Х 2 =7.81 (α = 0.05) with (t−1) degrees of freedom 189 (Meilgaard, Civille, & Carr, 1999). 190 Afterwards, Tukey's honestly significant difference (HSD) was calculated to establish 191 between which samples these differences lay (equation 4), (Meilgaard et al., 1999) : 192
where q α,t,∞ is a tabulated value, p is the number of panellists and t the number of samples 194 (t=4), (Meilgaard et al., 1999 (Beh, Lombardo, & Simonetti, 2011; Guerrero et al., 2010) . 
Hydrolysis of fish powder 206
Degree of hydrolysis (DH): the OPA method to determine the DH is based on the specific 207 reaction between the OPA-reagent and primary amino groups, in the presence of a thiol to 208 form 1-alkylthio-2-alkyl-substituted isoindoles that can be quantified spectrophotometrically 209 at 340 nm (Medina-Hernández et al, 1990) . The DH is presented in table 2; All proteases 210 produced a high DH compared to the control FP. Individual proteases, "A" (endo and exo 211 peptidase activities) and "B" (exopeptidase activity) showed high degrees of hydrolysis (30.5 212 ± 1.2% and 46.0 ± 0.7% respectively). The fact that the DH was higher with enzyme "B" 213
indicates that having dual enzymatic activity within one enzyme does not necessarily increase 214 the DH. The same conclusion could be achieved when enzyme "B" was combined with 215 enzymes "C" or "D" (endopeptidases). However, the combination "B+E" produced the 216 highest DH (57.4 ± 0.9%). It is not easy to compare the hydrolysates prepared using the 217 different proteases because they have optimal working conditions and specificities. 218 (Table 2) . 231
Development of aromas 232
A total of 32 volatile compounds were identified in the heated fish powder hydrolysates (H-233 FPHs) ( Table 3 ). Most of the compounds identified in the control sample (heated without the 234 addition of external enzymes), were also identified in the H-FPHs heated with glucose with 235 or without fish oil (Table 4) . 236
Aldehydes significantly contribute to the overall aroma of cooked fish/seafood due to their 237 low threshold values (Table 3 ). In the present study, the concentration of aldehydes increased 238
in the H-FPHs, being higher in those samples containing fish oil (Table 4 ). This increase in 239 samples containing oil might be expected, as some aldehydes might be generated from lipid 240 oxidation, e.g., hexanal, present in much higher concentrations in the H-FPHs containing fish 241 oil, derives mainly from the oxidation of linoleic acid. Moreover, some other aldehydes, such 242 as 2-methylpropanal, 4-heptenal and 2,4-heptadienal, not found in the control, were abundant 243 in the H-FPHs. 2,4-Heptadienal, which is a degradation product of linolenic acid (Decker, 244 Elias, & McClements, 2010) , was only found in samples containing fish oil (Table 4) . Some 245 branched short chain aldehydes could result from deamination of amino acids. The major 246 aldehyde in the H-FPHs, regardless of the incorporation of fish oil, was 3-methyl-butanal, 247 which presence was attributed to the high concentration of leucine in the FPHs. While in 248 some other cases aldehydes can originate from the Strecker degradation of amino acids, for 249 instance, 2-methylbutanal, which was also in considerable concentrations in the H-FPHs, may 250 be derived from isoleucine. Due to their low threshold values, the Strecker aldehydes 251 including 2-methylpropanal, 2-methylbutanal and 3-methylbutanal, might impart nutty/malty 252 nuances to the product while, some others aldehydes such as heptanal, octanal or nonanal 253 M A N U S C R I P T
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might impart a more characteristic fishy flavour (Caprino et al., 2008; Giri et al., 2010; Selli 254 & Cayhan, 2009) . 255 Alcohols are mainly formed by an enzymic peroxidation of the n-3 and n-6 polyunsaturated 256 fatty acids, present in fish tissue. 1-Penten-3-ol, significantly increased in samples containing 257 fish oil (Table 4) . Although not all alcohols are likely to have an important contribution to 258 odour, due to their relatively high odour threshold values (Table 3) , unsaturated alcohols such 259 as 1-octen-3-ol, with generally much lower threshold values than the saturated counterparts, 260 might have a greater impact on the overall aroma (Kawai & Sakaguchi, 1996; Selli & 261 Cayhan, 2009) . 262
Amongst the ketones identified, 2-heptanone, 2-octanone, 2-nonanone and undecanone, 263 slightly increased in the H-FPHs, regardless the addition of fish oil. However, 1-penten-3-264 one, not present in the control, appeared in all H-FPHs, with a significant increase in those H-265
FPHs containing fish oil. Due to its low odour threshold value (Table 3) Acids such as acetic acid, propanoic acid, 2-methyl propanoic acid, butanoic acid and 3-271 methyl butanoic acid with relatively low threshold values (Table 3) , have been reported to 272 result from fermentation in several fish products (Giri et al., 2010) . In the present study acetic 273 acid was identified but its concentration did not differ significantly when compared to the 274 control. These acids can derive either from lipolysis or from amino acid metabolism 275 (deamination) (Montel, Masson, & Talon, 1998) . 276
Sulphur-containing compounds dimethyl disulphide, (cooked cabbage aroma), and 277 dimethyl trisulphide, (meaty and cooked onion aroma), increased considerably. These 278 M A N U S C R I P T
compounds, usually associated with deterioration of seafood, have a very strong effect on the 279 overall food aroma even at low concentrations because of their low threshold values (Table 3) 280 (Le Guen, Prost, & Demaimay, 2001; Selli & Cayhan, 2009) . They are known to originate 281 from the free, peptidic and proteinic sulphur amino acids, such as methionine, which 282 concentration increased considerably after enzymatic hydrolysis (Table 2) . 283
Furans: Amongst the heterocyclic compounds identified, furans, which possess low odour 284 threshold values, were present in much higher concentrations in the H-FPHs containing fish 285 oil. They can be formed from amino acids by the Amadori rearrangement pathway, but also 286 by the oxidation of fatty acids, i.e. the formation of 2-pentylfuran, which is one of the 287 resulting products from the oxidation of linoleic acid (Giri et al., 2010; Taylor & Mottram, 288 1990; Whistler & Daniel, 1985) . 289
Pyrazines, characteristic compounds derived from the Maillard reaction imparting amongst 290 other roasted and nutty flavour (Fox & Wallace, 1997; Giri et al., 2010) , importantly 291 increased in the H-FPHs. However, the fact that there were no significant differences in their 292 concentration in the model systems with added fish oil compared to those without fish oil 293
demonstrates that the addition of lipo-oxidation products did not contribute to the pool of 294
carbohydrates. This might have been due to carbohydrates being in excess in the model 295 systems (i.e. added glucose). 296 Figure 1 illustrates the PCA conducted to evaluate the differences in the volatile composition 297 of the different samples. The first three components explain 88.1% of the total variability. 298
The first two principal components (PC1: 39.9% and PC2: 31.6%) differenciate between the 299 H-FPHs containing additional fish oil from those without it. In the same way some of the 300 volatile compounds such as hexanal, heptanal, 4-heptanal, 2,4,-heptadienal, 1-penten-3-ol or the differences due to the use of these various enzymes were not significant in terms of 312 concentrations of the Maillard reaction products including pyrazines, sulphur compounds and 313 some aldehydes. 314
Sensory evaluation 315
Only enzyme B with increased amounts of fish oil was selected to carry out the sensory 316 evaluation (Figure 2 ). The selection of enzyme B was based on its high release of free amino 317 acids. Different concentrations of fish oil (0, 1.5 and 3 g/100g) were investigated to establish 318 the role of fish oil on the formation of aroma, as well as its influence on sensory perception. 319
Panellists evaluated a total of six pairs of samples, corresponding to all the possible 320 cominations. The statistic of Friedman test for each sample was compared with the statistic of 321 chi-square (X 2 ) with 3 degrees of freedom (7.82, α = 0.05). A significant difference was 322 observed for all the attributes in the samples evaluated. 323
Friedman test was followed by specific comparisons using Tukey's Honestly Significant 324 Difference (HSD) multiple comparison post-hoc statistical test (Meilgaard et al., 1999) . The 325 value of q tabulated for 3 degrees of freedom (α = 0.05), was 3.63 and the HSD value 326 obtained by equation 4 was 18.85. The rank sums (addition of twice the sum of the 327 frequencies of the columns to the sum of the frequencies of the rows for each sampleM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT (Peinado et al., 2012) ) were calculated, a table of rank sum differences was prepared and the 329 differences were compared with the value of HSD being significant when this value was 330 exceeded (Figure 2) . 331
Panellist did not find significant differences between the H-FPHs samples regardless the 332 concentration of added fish oil (0, 1.5 and 3 g/100g) for all the attributes. However, panellists 333 found significant differences for "stale" when "100% FO" was compared to H-FPHs without 334 addition of fish oil. For "fried" aroma, significant differences were found when "100% FO" 335 was compared with H-FPHS with 0 and 1.5 g/100g of fish oil. Finally for "grilled" aroma, 336 panellists found significant differences between "100% FO" and all the H-FPHs regardless 337 the addition of fish oil. For the global preference the three H-FPHs had similar scores. 
